This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 
ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



{Exhibit 4} 



US Patent No. 4,724,202, issued February 9, 1988 



.( 



United St^l Patent m 

Dattagnptaet aL 



[U] Patent Number: 
[45] Date of Patent 



4,724,202 
Feb, 9, 1988 



[54] USE OF NON-HYBWDIZABLE NUCLEIC ' 
ACIDS FOR THE DETECTION OF NUCLEIC 
ACID HYBRIDIZATION 

[75] Inventors: N s nfhfmihan D attagupU , New 

Haven; Pete M. It Rae; WflUam J. 
Knovrtes* both of Hamden; Donald' 
* M. Crothers, Northford, aQ of Conn. 

Molecular Diagnostics, fay. 



[73] Assignee: 
{21]. AppL Nor 560^62 . 
[22] Filed: • . Dec. 12, 1983 



[51] IntCL*, 



[52] UAa, 



O2Ql/68;G01N 33/53; 
J G01N 33/543 
.433/6*935/78; 



[58] Field of Search 



436/811; 436/518; 435/7 
~ 436/508, 808, 501, 504; 
435/6,7; 935/76, 77, 78 



[56] • References Cited 

U.S. PATENT-DOCUMENTS 



^358^35 11/1982 FalkowetaL 
4^95^86. 7/1983 
4^56^43 12/1985 
4563*417' 1/1986- AlbareilaetaL.. 
4,582,789 4/1986- Sheldon et aL «, 



•WQsdaetaL . 
PaanetaL'_ 



-~ 435/6. 
436/308 • 
,436/301 
L. 435/6 
— 435/6 



FOREIGN PATENT DOCUMENTS 

4200 3/1984 'Australia . 

7500 10/1984 Australia . 

40310 10/1985 Australia . 

0079139 5/1983 European Pat Oft • 

0097373 1/1984 European Pat Oft , 



2125964 3/1984 United Kingdom . 

OTHER PUBLICATIONS 

Pktte, et aL, Proa NatL Acad ScL, USA. voL 80L on. 
5540-5544, Sep. (1983). 

Weber, et at, The Operon, Reznlkoff (ed.), Cold Spring 
Harbor Laboratory, 198a pp. 155-175. 
Salman, et aL, J. of Virology, Jun. 1979, voL 30, Na 3, 
pp. 946-9501 

Hgucht et aL, Proa* NatL Acad. ScL, USA. voL 73, 
No. 9, pp. 3146-3W Sep. <197Q/ 
• Annual Review of Biophysics and Bioengineering, voL 
10, 1981, "The Interaction of Intercalating Drugs with 
Nucleic Adds", HelenM. Bcrman and Peter R. Young, 
pp. .87-114 " 

' Accounts of Chemical Research, voL 11, 1978, "Plati- 
num Complexes? Probes of Polynucleotide Structure 
and Antitumor Drugs", Stephen J. Lippard, pp. 
211-217. 

- Primary Examiner— Christine M. Nucker 
Assistant JEjcam&er— Stephen C Wleder 
Attorney, Agent or Firm — Sprung HornKramer & 
Woods 

[571' . ABSTRACT 

. A .detection probe .co m p r ising .a hybridizable single 
stranded portion of nucleic acid connected with a non- 
hybridizable, single or* double stranded nucleic acid- 
portion, the non^hybridlzable portion preferably includ- 

* ing a recognition site for a particular protein* 

51 Claims, 1 Drawing Figure 




IU I 1 I II 



TOT MA 



mm* rat po 




U.S.Pat 



Feb. 9, 1988 



4,724,202 




PROCESSING 
AND 

, IMMOBILIZATION , 



UNKNOWN 
DNA 




IMMOBILIZED TEST DNA 



PD PS 

i n 1 1 1 1 1 1 mm- 



HYBRIDIZATION WTTH(P) 



- Tl 1 'MLLLLLUj 

r n~m 



ASSAY FOR PD 



ANTIBIOTIN 
ANTIBODY. 



FPD.IS 
BIOTINYLATED 



1IF PD IS LAC-OPERON 
IT BINDS LAC— REPRESSOR 
PROTEIN I 




CONVENTIONAL 
IMMUNOASSAY FOR 
ANTIBODY WITH PROTEIN 
A-PEROXIDASE • 



nxaxcr. 





IF PD IS 

RESCENTl 
LABELLED 




DIRECT FLUORESCENT 
MEASUREMENT 




4,724,202 

2 

first probe and said second probe, from (id any unhvbri- 
USE OF NON-HYBRIDIZABLE NUCLEIC ACIDS dized and singly hybridized labeled first probe, and 
FOR THE DETECTION OF NUCLEIC ACID (f) by means of said label detecting any of said Sep* 

HYBRIDIZATION rated dual hybridization product which may be present 

5 US. patent application Ser. No. 511,063 also de- 

This application relates to a labeled probe suitable for scribes a suitable kit for running the test, which com- 
analydcal and diagnostic purposes with regard to ge- prises 0) first and second probes each including nucleic 
nedc constitution. - acid sequences present in the nucleic add of a test sam* 

. The evaluation of nucleic acid hybridizations is usu- pie, the first probe carrying a distinguishable label and 
ally accomplished by detecting radioactivity introduced 10 being soluble in a liquid in which the determination will 
into a DNAjDNA or DNAJINA hybrid via one mem- be run, the second probe being fixed on a solid support, 
ber of a pair of complementary polynucleotides (the and 09 a restriction enzyme which will cleave the test 
labelled member being designated the probe). Radi- . sample or foil to depending on the presence or absence 
olabelling of the probe is effected by in vivo or in vitro . of a particular nucleic acid sequence at die point sepa- 
polymerization of RNA or DNA under conditions in ? sequences complementary to the first and second' 
which precursors are isotopically tagged with 3 H, "C, . probes, whereby a positive determination test sample 
^Iorap, although it is also possible to label polynu- (noxdeavage at the point) is capable of hybridizing with 
cleotides postsyntheticaHy ™*"g or SZP-ATP. Each both the first and second probes so as thereby to affix 
Vtnti rtf yurfi^tun^g h a « itmitfltlrtn^ w ^^vfry the label to the solid support for subsequent reading, 
of detection, isotope half-life^ and hazard, and it is 20 The presence of labeling material on the solid support is 
highly desirable that, probe labelling be accomplished aa ^ d< ? °fU«s extent of dual hybridization, 
without resort to radioactivity. The first and second probes are themselves formed in 

Available alternatives are Q attachment of haptens a special way. For example, a cloned beta-hemoglobin- 
such as biotin to nucleic add precursors, in which case " ^gested by restriction enzymes which subdivide 

an investigator brequirca to c^ 

deotide syntheses in order to label a probe, then to • ^ ^ cen dcfi«t, ^ two of mtoest are a 340 bp 
detect the presence of biotinyhted.probe in a hybrid . ffi,™ anda2 ^ 1 ^ The fragments are 

through the application of two or more steps; and (ft. S^S^Sl^ 0 8 ? S S ng, of 

the attach of enzymes to oHgonucleo^or poly- ffl ^^u^^^??^^ ^ to * y 
nucleotide probes, in^hkh.case hybrids are detecSd- 30 S^^iw^? nttSJ^TTf^^!* 30 fr*^^ ^'^^S?^ 1 * a225^?u^ 
• bythekabih^^ MlSfi^^ 
chemically distinguishable product Both of these alter- wIth a ^f 0 **™ f£ u * 01 a detectable 
natives^ta^^ HiS^i^^ 

«Mm<»M m *t» ^uJmI «r «~k~ .„ ,x,.l group such as one which fluoresces or has characteristic 

chafes m the ^chemical jtcocnmaof probes, so fiat „ jbsorbance 0 f ultraviolet or infrared light 

^Shlfitf SSf2Z C ** B m hybndi2ati0n A key to the procedure, la the differed between an 
are a possftflity, if not a nahty. . , ao , J . affected and unaffected test sample, is that in one of 

.^tj t^^^^liJ'S^ ^ ^ treatment with a restriction enzyme, there 
.closes. a dual hybridization assay conducted with a wfflbe fragments longer than each probe so as to be - 
known and an u^own^cloc add sample and a nu- n capable of hybridizing with to&the feed probe and the 
clete aad^tunmg detection probt labeled probe whereas the other will not have such 

.Yd,^ C ?^ P ^° a ?^L No - "VB 63 ^f*? * longer units, so kwul be iiu^pable of hybridizing wi& 
method for determining whether a nucleic aod in a test ' botk The dual hybridization is the key to attach 
sample includes a particular nucleic and sequence, 1^ to ^ ^ ^ ^ batwtiha 
Such method comprises the steps o£ « other, such support being what is ultimately analyzed 

(a) extracting die nucleic acids from a test sample, for the presence of label. 

(b) digesting the extracted nucleic adds with a re- With sickle cell anemia as an example, a normal he- 
striction enzyme thereby to effect restriction or not to •. moglobin gene can be used to make probes of 340 and 
effect restriction, depending on whether or not the 201 bp, and sickle cell anemia hemoglobin DNA, upon 
restriction enzyme recognition site is precisely present 30 digestion, will have a long fragment which covers the . 
in a sequence in the test DNA, two and can dually hybridize, while similarly treated 

.(c)treating the product o£(b) to form stogie-stranded normal DNA will have no such fragment 
nucleic acids, ' The manner of enzymatically digesting the DNA 

. (d) contacting the single-stranded nucldo adds pro- material for producing the probes and/or treating the 
duced in (c) with first and second polynucleotide probes 33 test samples is known in the art, as are methods for the 

are complementary to respective first and second* various separations* 
portions of said sequence to be d et e cte d*, the two por- Advantageously, the kno wn sample, the separation 
tions being non-overlapping and immediately adjacent probe, is immobilized on a solid support and contacted 
to the restriction, site in question, and such Contact being with the unknown and the instant labeled detection 
performed under conditions favorable to hybridization 60 probe. The contact is performed under conditions fa- 
of said first and second probes to said sequence to be vorabl to hybridization. A portion of the unknown 
detected, hybridization with both of said probes to a test nucleic add hybridizes with the immobilized probe; If 
molecule being dependent upon whether in step (b). the unknown also contains a nucleotide sequence which 
restriction did not occur, said first probe being incorpo- is complementary to the nucleotide sequence, of the 
' rate^ with a distinguishable label, 65 detection probe, , a second or dual hybridization will 

.(e) separating, by means f said second probe, (0 any then take place by which the detection probe becomes 
resulting dual hybridization product comprising said affixed to the solid support If the unknown nucleic acid 
sequence to be detected hybridized to both said labeled lacks the particular complementary nucleotide se- 
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quence, the detection probe wOl not hybridize there- In accordance with other aspects of the invention, 
with. Accordingly, the extent of the second hybridiza- there are provided several assay procedures utilizing 
tion, as indicated by the extent of labeling, is an indica- the novel detection probes. 

tor ofthe presence ofthe particular nucleotide sequence In one such assay for the presence of a particular 
of interest in the unknown. 3 nucleic acid nucleotide sequence in a sample, either the 

It then becomes necessary to determine how much of sample or a separation probe is immobilized on a su£- 
the second hybridization has taken placer Le* how P 0 ** with a detection probe as described herein* 

* much ofthe detection probr is on the tnwnphiHwf «np- above, is subjected to hybridization, thereby affixing the 
port non-hybridizable portion to the support A protein is 

The detection probe can be labeled with various la- 10 bound to the protein recognition site and thereby to the 
bels which can be detected in systems that measure support The protein is labeled at any stage, either be- 
specific binding activity, fluorescence or enzyme activ- fore or after binding, and finally the label is assayed, 
ity. Such labels include radioisotopes, fluorescent radi- assay, after binding the protein and sepa- 

cals, enzymes and haptens. If too many labels are pro- rating the support from the balance of the material, the 
vided as in the caseof fiuorophores, they may interfere 15 8 ^P^» treated in order to dissociated 
with the second hybridization." On the other hand, if ^tedized de^tion probe and tlw dissociated pro- 
there are too few labels, assay is less sensitive. SlASf 1 **v% 

It is, accordingly, an object of the present invention ^^vm^een a^hed at any prior stage, 
to provide a detection probe (or the pSbe ca^ 

labels) which can be usid in an assay ^^eXd- 20 l£SXSS£^^ * * "^S^ 
vantages of radioactivity and without chemical modifr ^i^ bv^S * " """^ Wth 

^^ISLS^ C ° mPOIlCnt8 WhiCh btCrfCr ° Ref«ring now more particularly to the drawing, the 
wi^ hybndtotion. unknown DNA (to be tested) is processed as by Sges- 

It is anoto object of the invention to pro vide a * tion with a restriction enzyme, dectrophoretic^pS 
of labeling aerobe with akrge number of read- ^ southern transfer and/or simple denaturatioV If 
able labels resulting in relatively high sensitivity, with- not already immobilized, the DNA is then adsorbed on 

° U ^^^^iwS°^„^ M m r«lW ^ a soKd support (eg. nitrocellulose paper) directly or 
These and other objects and advantages are realized by hybridization to a separation probe. The immobi- 
in accordance with the present invention pursuant to 30 lized DNA is hybridized with a known probe. The 
-jwhich there is provided a detection probe comprising a known probe (F) has two regions. The region ps is 
. ^hybridizable single stranded portion of nucleic add single stranded and complementary to a specific gene to 
- ^which can hybridize with the unknown, connected with be detected and the region pd is a piece of double or 
:• sa non-hybridizable single or double stranded nucleic single stranded, non-homologous DNA which carries 
add portion, the non-hybridizable portion advanta- 35 the labels by which the labeling reaction wOl be de- 
geously including a recognition or binding site for a tectedL pd can be a specific sequence of double stranded 
particular protein. If the non-hybridizable portion is DNA which binds a specific protein. For example, the 
. /double stranded, one of the strands may be continuous, double stranded DNA can be the lac promoter/opera- 
'lie* covalently associated, with the hybridizable por- tor sequence and then the protein is lac repressor, pd 

* .-rfon* 40 * can also be a binding site for a specific antibody, pd can 
- . \> The hybridizable portion of nudeic add can be any also be a specific single stranded, immunogenic polynu- 
-Arof those described in greater detail with regard to the deotide sequence or poly (d(0-C)] which, when 
* ^detection probe of Application Ser. No. 511,063, supra, treated with high salt, changes its structure and be- 
as for example, a nucleotide sequence which is comple- comes immunogenic in the Z form. The pd portion can 
mentary to the genomic sequence responsible for sickle 45 also be modified with psoralen derivatives or platinum- 
cell containing DNA binding ligands to produce immuno- 

The nucleic add of the non-hybridizable portion can genie sites, 
be a natural DNA sequence or synthetic oligonudeo- ^P* is the lac pronmter/operatdi : sequence, pdwfll 
tide which contains a highly specific binding site or sites bind lac rep^ protem after the hybndizaUoiL The 
for a protein or proteins. The n^ybridi^ble portion 50 proton can them be assayed by an antibody or by direct 
canbe specific for lactose (^^ J^g* 2t t™?' "^f^^^u K??\5 

repressoVprotdn winch binds to an operator locus in figf^^ 

fUm ««« Wtfi^ M ku . JL^^ u« nybrid can be detected m a known manner. The pd 

&!S2^^ Portion can also be modified with a number of fluo^ 

^uble stranded, preferably after hybridization, as hy- 55 and can be assayed directly. 

r^^^TT ^^f^J 11 In a specific embodiment invdving a lac operator- 

^ Lt^S' ^ ^-^^detec- nsprcswsy8temf the foregohigim)cei involves at lea^ 

tion probe is contacted with a solution containing lac the following four steps: 

repr^or protein, that protein win be sdectivdy re- Step I: Grow bacteria and isolate lac repressor pro- 
moved from the sdution and will bind to the lac opera- & tein; 

tor. Even if the concentration of nonspecific DNA in StepIL Covalently couple the detection probe to lac 
the hybridized sample is in 1000-fold excess, the binding operator DNA and clone the adduct t have a large 
to nonspecific sequences is negligible. In living cells, quantity of sample; ^ 
repressor proteins bind to their corresponding operator Step III: Prepare lac repressor— FTTC or lac repres- 
sequences to modulate transcription of a gene. When an 65 sor*j9-galactosidase adduct or anti-lac repressor anti- 
operator sequence is covalently attached to other se- body; 

quences, binding of repressor proteins is still specific for Step IV: Hybridization and detection of lac operator 

the operator. via labd on the lac repressor. 
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Thereafter, the amount of bound lac repressor protein graphy and enzymes makes the assay time consuming 

can be assayed in various ways. For example, antibodies and requires experienced technical people. Recently a 

thereto can be contacted with the bound lac repressor non-radioactive method of labeling DNA has been de- 

and protein A conjugated with an enzyme can be bound scribed by Ward et al; they use the method of nick 

to the antibodies. The amount of bound enzyme can 5 translation to introduce biotinylated U residue to DNA 

then be determined by the enzyme's catalytic reaction replacing T. The biotin residue is then assayed with 

of its substrate in a conventional manner. antibtotin antibody or an avidin containing system. The 

The amount of enzyme indicates the amount of lac detection in this case is quicker than au^radioKraDhv 

repressor which, in turn, indicates- the amount of hy- but the method of nick translation is a highly skflfedart 

bridization which occurred earlier. Alternatively, the 10 Moreover, biotinylation using biotinyK UTP works 

lac repressor protein can be fluorescently labeled or only for thyxnine^ntaining polynucleotides. Use of 

labeled with an enzyme and read in a conventional other nucleotide triphosphates is very difficult because 

m ?? cr - wt ^ . . ' , . . . the chemical derivatization of A or G or C (containing 

caTl^ 13 ^ ^ ^quires elaborate techniques and 

can also be specific for galactose repressor proton, 13 Ugjjy aakd organic chemists. 

SfSljT^ U ^ Vpbxtion Sen No. 513,932 describes 

^SSS^S &S^JSi^S& a nucWc ^ by means cf photochemistry, 

iS^v ^ ^8 a P^toreacdve ftoKoumarin or phenyl 

bind have been identified and isolated using recombi- * ^J V °^ t fa **? * S*** mdac 
nant DNA technology. The segment otRcoli DNA comprising (a) a nucle^acid component, (b) a, 

thai -contain! Ste r^r^Sste(thelacpro. •^^t^ M ^ M ^ 
moter-operator regionfia transfS to recombinant 23\?F™* *kked * «^ nucleic acid component, and- 
• plasntids that include segments of human DNA, such as ' ' (c) £^J^^ A r , 

poVtons of the gene encoding hemoglobin. These can e ^ P^^f^°«thod described, in Application 
be used without father gen^ticengineering to test for a .^Na 513^32 prov^more favorable ^ 
number of hemoglobinopathies, such as some thalasse- mtionsttan the usual chemical coupling method for 
mias and sickle-cell hemoglobinemia. Alternatively, in 30* wochemically sensitive substances. By using proper 
the dual hybridization scheme, two plasmids are used to* wavdengths for irradiation, DNA, RNA and proteins 
.determine if a sample of DNA from a human subject . ^n be modmed wthout afTecting the native structure 
contains the genetic condition responsible for sickle cell * • °* the polymers* By couplmg the indicated photoactive 
hemogiobinemia. One plaamid is designated the separa- *«« lts to *f iterate, the latter can be photochemi- 
tion probe. It contains DNA that is one flank of the 35 reacted to the desired system, 
dimorphic restriction enzyme cleavage site; it is immo- To Produce specific and efficient photochemical 
bilized as single stranded molecules on a solid support, products, it is desirable that the chemicals interact in the 
and it is unlabeled The second plasmtt^ dark ma specific manner. . 

detection probe. It contains DNA that is the other flank ; * ot couptog to DNA, aminomethyl psoralen, and 
of th6 dimorphic restriction site, /and' it has also been 40 aminomethyl angelicm and amino alkyl ethidium or 

. engineered to containi a segment of R coli DNA that .methidium azidds are the preferred compounds. They 
contains the lac' promoter/operator region." Through-* - bind to double-stranded DNA and only the dark com- 
the use of appropriate enzymes, the detector plasmid is V Pk* produces . photoaddUct If the* photoadduct of 
made partially single stranded to die extent thai fi- DNA has to undergo, nucleic add hybridization, the 

. globin gene are available for hybridization 45 DNA should be denatuxable. In that case, conditi ns ' 

while lac repressor recognition sites remain double ' m employed so that simultaneous interaction of two 
stranded and available for protdn binding. strands of DNA with a single photoadduct is prevented. 

Read out involving lac repressor protein provides It is also desirable that the number of modification sites 
highly specific recognition of the presence of the detec- . b not more than one per hundred nucleotide bases, 
tion probe. It also opens, a new set of possibilities for 50 Angdidn derivatives are superior to psoralen corn- 
solution .phate read out, because it is possible to release pounds for monoadduct formation. If a single-stranded 
the* repressor-antibody 'Complexes front the operator probe is covalentiy attached to some -extra double- 
DNA by addition of a jS-gplactoside, such as isoprov stranded DNA, use of phenanthridinium and psoralen 
pylthio-galactoside. This allows fluf^i™*^ batch or * compounds is desirable since these compounds interact 
flow system processing./ 55 specifically to double-stranded DNA in the dark. 

In the foregoing description, the double stranded * . The nudeic acid component can be singly or doubly 
nudeic add sequence contained a protdn recognition stranded DNA or RNA or fragments thereof such as 
site from the outset However, if it did not contain such are produced by restriction enzymes, or even relativdy 
a site initially, it is possible to modify the t)NA to create short oligomers. 

protein or antibody recognition sites for ease of reaction 60 The link (b) can be a farocoumarin such as angdicin 
and detection. (isopsoralen) or psoralen, or derivatives thereof which 

Such modification can be effected by contact with photochemicaHy will react with ^uddc adds, eg., 
reagents, such as furocoumarins, eg., angelicins, psoral- 4'-ammomethyM,5'-<iimethylangcUciaamf4'-amino 
ens, etc., as described more folly in Application Ser. No thyltrioxsalen (^-aminomethyl^S'tS-trimethylpsor- 
513,932, filed July 14, 1983, now pending. 65 alen). It can also be a mono- or bis-azid aminoalkyl 

The most efficient and sensitive method of detection methidium or ethidium compound. 
. of nudeic acids such as. DNA after hybridization re- ' The labd can be anything which can be assayed in 
quires radioactivdy labeled DNA. The use of autoradi* known manner, eg., a hapten such as biotin, an enzyme 
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such as beta-galactosidase or horseradish peroxidase, Labeling with the' aforementioned proteins can be 

papain, or a phycctthprotein. performed either before or after modification of the 

The individual reactions and reaction conditions axe double stranded nucleic acid, preferably after, 
more-or-less well known. Advantageously, the link (b) Salts may also be used as a means f modifying the 
is first combined with the label chemically and thereaf- 5 non-hybridizable portion to render it protein recogniz- 
ter combined with the nucleic add c o m p on e n t For able (eg., poly [d(G— Q] qt poly [d(Q— ™q chances 
example, dace biotin carries a carboxyl group, it can be to Z-form)" Snftahi.. »Mtn include lodmm chloride, ther 
combined with the furocoumarin by way of amide or alkali and alkaline earth metal soluble salts of mineral 
ester formation without mterfering with the photo- acids, spermine or spermidines, advantageously in con- 
chemical reactivity of the furocoumarin or the biologi- 10 centrations of at least about 1% by weight Advanta- 
calacttvity of the biotin. Other arotacraiethylangelidn, geously, the solvent is water. Both the salt-modified 
psoralen and phenaritbridininm derivatives can be shni- nucleic acid and die furocoumarin rnn ^jfiH nucleic 
larly reacted, as can phenanthridinium halides and de- acid wffl be- antigenic, eg., will be capable of binding a 
nvatives thereof such as aminopropyl methidium chlo- specific antibody which can be assayed in conventional 
r ^ e - U manner. For example, as hereinabove, the Drotein A can 

Alternatively, a biftmctional reagent such as dithiobis be conjugated with an enzyme which functions as the 

succrnhnidyl propionate or 1,4-butanediol diglycidyl label in subsequent assay 

ether can be used directly to couple the . photcchemi- The invention also extends to assays involving detec- 

cally reactive mo^e with the label where thereac- tfan probes wherein the non-hybridizable portion has 

tants have alkylarnmo residues, again .in a known man- 20 been modified to attach a protein recognition she, as 

ner with regard to solvents, proportions and reaction with a furocoumarin, as a link between thTnon-hybri- 

conditons. dizable double or single strand component and the pro- 

Cer^ bAmctknd reagents such as glutaraldehyde tein recognition site, which can be Yhapten or ligand. 

are not suitable because, while they couple, they modify An immobilized separation probe or test sample islub- 

thenucleic acul and thus mterfere with tte assay. 25 jecte d to hybridizfag conditions in the presence oft 

The partu^sequence in making the test material detection probe so modified to bind a protdTand carry 

can be varied, Thus, for example^ an ammcwubstituted mg a label, and the label is assayed. Alternatively, the 

P*^«"fi«t be photometrically coupled with a protein may constitute an antibody and the antibody 

nucloc acid, tlie prcdurt havm^dant amino groups • assayed immunologically in conventional manner, with- 

.; -by which it can be coupled to the label. Alternatively, 30 out formal ^^74 ^ M 

^S'^Si^if ^ CnZyme a h-Pten or* ligand Lt the protein recognition 

i l i • - , A , _ site, its presence can be assayed. The furocoumarin can 

? ^ h f? V^fSF* f ° r -^ nP ^ VI °?T ^ fluorophore and the flnorophore^Ed \Z 

wfll ultimately be placed on a suitable medium and the the assavabfe element P 

extent of catalysis wffl be determined. Thus. U the . en, 35 ^ detection probes made and used as described 

^enzyme btaa^atoctosidase. the medium can contam ^ ^Uy.^^ ^ ^ e molecuIcs . p0Sa ° 

SSw^ which also wfll 40 The invention will be further described with refer- 

■i* The art is aware of other labels and how to test for "^V ^ ;accompaigfag examples wherein all parts 

.^their presence, e.g„ i!SSJSSSXXJi ~ * **** 0therwise °* nased - 

for histones use RTIX2, if there w JEXAMPLE 1 

C ^^c^ , £«?ci e, o; similarly en, 43 Step I-Isolatbg lac Repress ftotein 

ployed. The reagents render the non-hybridizable nn- & coU strain BMH 461: 

cleic add portion recognizable by protein. If the non-» A (lac pro) (\Ct857t68d lao i«z+y-y(F lac te+y— 

hybridizable portion is rendered immunogenic, such pro+X developed by Muller-Hfll et aL, carries a ther- 

protein can be an antibody, Le., an nnmuno^obulin, for SO mally inducible lambda lysogen with a lac repressor 

example, a monoclonal antibody. The antibody can be gene and it overproduces the protein 1000-fold com* 

bound to the noniybridizable portion in an amount pared to the wild type strain. (Other R coli strains can 

corresponding to the amount of furocoumarin creating also be used to isolate the protein). The strain is grown 

the protein recognition sites. Antibody recognition sites substantially as described by MuHer-Hill et al. and Piatt 

can also be created when pd contains poly [d(G-Q] 53 et aL [Muller-Hill et aL, Proc Natl Acad Sci, 59, 1259 

. sequences, and the probe is exposed to high salt concen- (1968); Piatt et aL, in Exp. In Mol Genetics (ed, J. Miller) 

tration. CSH, pp. 363-393 (1972)], as follows: 

Alternatively, the protein recognition site can be on a The cells are grown in a medium containing 1% 

segment of the non-hybridizable portion other than Bactotryptone, 2% Bacto yeast extract (both from 

nucleic acid per sc. For example, the nucleic acid of the 60 Difco) and 05% sodium chloride at 32* C to an OD 

non-hybridizable portion can b linked by a member 550 of 3. Then the temperature is raised to 44' C for 20 

such as a furocoumarin to a chemical group such as minutes to effect thermal induction. The cells are then 

biotin, the biotin constituting the protein recognition incubated at 37* C for 5 hours. The cells are collected 

site. from the culture by centrifugati n at 6000 rpm and 

The biotin can be assayed in a conventional manner, 65 stored frozen at ~80* C 

for example, with avidin or an anti-hapten antibody. 100 gms of cells are thawed and blended in a Waring 

The furocoumarin may be linked to a fluorophore, the blender and the supernatant after centrifugau'on is made 

fluorophore thereafter being assayed f r fluorescence. up to 100 ml with a buffer comprising 0.2M Tris HC1, 
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PH 6.9, OJM HC3, 10 mM mg acetate, 0.1 mM dithio-^ mids with inactive tetracyciine-resistance genes- these 

threitol, 5% p/v) glycerol) and precipitated by adding plasmids are likely to carry foreign DNA sequences. 

0.23 g/ml ammonium sulfate. The precipitate is col- In a few cases, methods have been developed to 

lected by centrifugation at 10,000 rpm and redissolved apply positive selection to obtain bacteria that are sensi- 

in 5 ml of the foregoing buffer and desalted by exhaus- 5 tive to an antibiotic from populati ns that are predomi- 

tive dialysis against a. buffer solution comprising 0.12M . nantly resistant In this way, it is possible to select from 

potassium phosphate (PH7.4) 0.1 mM ditfciothreitol, 5% recombinant plasmids that carry an inactivated antibiot- 

(Vv) glycerol; 1% (Vv) dimethyl sulfate. ic-resistance genie as a consequence of insertion of a 

The lac repressor protein eluate is finally purified on foreign DNA sequence. The most useful of these sys- 

a phosphocdlulose column using phosphate buffer as 10 terns is that described by Bochner et al (1980) and 

above, with a linear gradient of <H2 to 024 potassium Maloy and Nunn (1981), who developed media contain- 

phosphate. / ing the lipophilic, chelating agents fbsaric acid or qui- 

The purity of the lac repressor-containbg fraction is . naldic add, which allow the direct positive selection of 

checked by SDS-pplyacrylamide gel electrophoresis. • Tet* clones from a population of Tef and Tet r bacteria. 

The activity of the lac repressor protein is measured by 15 For most strains of & coli, approximately 90% of the 

its ability to bind operatorcontaining DNA in a known colonies obtained on media containing tetracycline and 

manner. The protein can be stored at -80 # C until use. ftxsaric acid were found to be Tef when plated onto 

■ . media containing tetracycline alone. It is, therefore. 

Step II— Covalently Coupling Detection Probe.to lac . possible to select from a population of plasmids with 

Operator DNA 20 insertions at the BamHI and'Sall sites. 

Preparation of a plasmid having both multiple copies A similar technique has been developed to select for 

of the lac repressor protein binding site (lac operator) S?.^ to paromomycin (Slutsky et al, 1 9 80). 

and a portion of the ^hemoglobin gene, pursuant to ™ , the selection of derivatives of 

Molecular Cloning Maniatis.et aL, Cold Spring Harbor * , insertions at the Smal or Xhol site 

Laboratory, 1982L . ' 25(Kahnet al, 1979). 

Mairfatisrtdd»cribethe'f6^^ -'Althoug^inserfOToffordgnDNA^ueiiceswh^ 

aoninginPlasqdds "f* »w totl «csistance gene almost always leads to 

. In prindple" cloning in plasmid vectors is very mfctivation of that gene, at least one case is known 
straightforward. The plasmid DNA is cleaved with a : M ^r^^^^S^ 5\i 

..restriction endonuclease and joined in vitro to foreign 30 ^ff^f Z*?^ £S* ** f * 

DNA. The resulting recombinant plasmids are then 3™g ^ ^'* a ° f 

used to transform bacteria.- In* practice, however, the E^L? 0 * ° 0t ^Picpb-resistance 

plasmid vector mu^ SST^^if^ *J^^& 

ft.-fr-rt. i^fc^'t.,.,,™ *~«™m v*** inaafeA that did not alter die reading-frame of the 

the ^ort rcqm^to ideafafy and cWtenze reconbi- x ainpiefflm-fesistance gene, so that a fusion protein was 

^7^7^5 ffi<5alty fa *° ^ Un ? U1S t^^ forced which retain^ beta-lactamase acE 
plasmids that contain sequences of foreign DNA and Directional OoninK 1Bcaunasc acnvity ' 
vector DNA molecules that have recircularized with- MMt -i-^—jj _„_, Hm „„ . 

out insertion of foreign sequences. Redrcularization of ,J^ P 2^J^ ^ ^ °L m0re ""T 
# t . *Z ***" V" «*!i*!?rr^^ ^7T!L stnetion enzyme recognition sites. For example, the 

£ 1X5 * S °? le " t fff by ^ JU ^ ng « plasmid P BR322 contains/single Hhuffll and BamHI 

the concentrations of the foreign: DNA and vector . gjtes. • ■ • 

S^Sl^^fe ^^^T^'/ "SS After cleavage by both enzymes, the larger fragment 
of procedures, described below, bwe been developed of plasmid DNA can be purified by gel electrophoresis 
£5? ^^ Kd ^ ialVa ^ n ° f * e J ,lasmld ^ and ligated to a segment of foreign DNA containing 
further or to dfatingmshrecombu^ cohesive ^ compatible with those generated by 
btaantsby genetic techniques. BamHI and HkdlH. The resulting circular recombi- 
tasertional bactavation nant is then nsed to transform £ eo/Ztoampfflicmresis- 
This method can. be used with plasmids that , carry tance. Because of the lack of complementarity between 
two or more antibiotic-resistance markers. the HinHTTT and BamHI protruding ends, the larger 
The DNA to be inserted and the purified plasmid 30 vector fragment cannot circularize efficiently; it, there- 
DNA are digested with ajestriction enzyme that recog- fore, transforms £ coli very poorly. Therefore, most of 
nizes a unique site located in the plasmid within the • the colonies resistant to ampicillin contain plasmids that 
tetraqycline-resistance gene. After ligating the two carry foreign DNA segments forming abridge between 
DNAs at the appropriate concentrations, the ligation the Hindm and BamHI sites. Of course, different com- 
mixture is used to transform, for example, ampicillin- 53 binations of enzymes can be used, depending on the' 
sensitive K 'coU to ampicillin resistance. Some of the locations of restriction sites within vector and the seg- 
colonies that grow in the . presence of ampicillin win ment of foreign DNA. 

contain recombinant plasmids; others wDl contain plas- Phosphatase Treatment of Linear, Plasmid Vector 

mid DNA that has redicularized during ligation with- DNA 

out insertion of foreign DNA. To discriminate between 60 During ligation, DNA ligase win catalyze the forma- 

the two kinds ftransf rmants, a number f colonies are tion of a phosphodiester bond between adjacent nuclei . 

streaked in identical locations on plates' containing am* tides only if one nucleotide contains a 5 # -phosphate 

picillin or tetracycline. group and the other a 3'-hydroxyl group. Redrculariza- 

The colonies that survive and grow in the presence of ' tion of plasmid DNA can; therefore, be T"fa?mi*fri by 

tetracycline contain plasmids with an active tetracy- 65 removing the 5' phosphates from both ends of the linear 

cline-resistance gene; such plasmids are unlikely to DNA with bacterial alkaline phosphatase or calf intesti- 

carry insertions of foreign DNA. The colonies that nal phosphatase (Seeburg et al, 1977; Ullrich et al, 

grow only in the presence of ampicillin contain plas- 1977). As a result, neither strand of the duplex can form 
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a phosphodiester bond. However, a foreign DNA seg- For the plasmid to be a useful probe for the detection 
ment with 5'-terminal phosphates can be ligated effi- of j3-globin gene sequences in a sample f DNA, the 
dently to the dephosphorylated plasmid DNA to giv globin gene portion of the plasmid must be single 
an open circular molecule containing two nicks. stranded so that in a subsequent test it can hybridize to 

Because circular DNA (even nicked circular DNA) 5 a sample of denatured DNA, and the lac operator re* 
transforms much more efficiently than linear plasmid gion must be double stranded to allow binding of the lac 
DNA, most of the transfonnants will contain recombi- repressor protein. 

nant plasmids. t To achieve this, the plasmid product of (2) is linear- 

Problems in Cloning Large DNA Fragments in Plas- feed using Hind HI, then is subjected to a controlled 
mids 10 digestion by exonuclease III (k exonuclease or T4DNA 

Finally, the size of the foreign DNA to be inserted polymerase can be similarly employed). Such treatment 
can also affect the ratio of transfonnants containing makes most or all of the globin gene portion angle 
yttgmnhtnflnt pitttmids tn frose c p"fo fafag rp**rr mUr***A stranded, leaving most of the rest of the plasmid, includ- 
vectors. In general, the larger the insertion of foreign ^g die copies of the lac operator region double 
.DNA, *hc tower tfift efficiency of t ra«gfarmgtf nn- Thug, 15 st r and ed . 

when cloning large DNA fragments (less than 10 kb), it Alternatively, pairs of pEMBL plasmids (available 
is especially important to take all possible measures to European Molecular Biology Laboratories, 

keep the number of recircularized vector molecules to a Beidelberg) can be used. These plasmids contain a par- 
minimum. Even so, the background is relatively high, tion of the Fi phage genome, so that they behave like 
anditisusuattyiiecessarytouseaninsta^ 20 phage M13 fat Inducing single stranded DNA mole- 

procedure (Orunstein and Hogness 1975; Hanahan and cmes. Unlike with M13, however, it is possible with 
Meselson 1980) to identify recombinant transfonnants. to f^Plementary strands of a 

1. pHW104 is a derivative of pBR322 that has 4-5 ^^^^ fom 5?^ y having the Fi portion of 
copies of the 203 bp Haem segment of the lac operon „ ^^^T^J* onen *** n *? *™ 

thScontainsthel^^ S^L^^ 

is tailed with Eco W linkers, and tandem copieTare ^f^^ 3 w ^°£ the T»? strands ofthe P 1 *™" 1 
inserted inTth^ ^^NA^^ **" ***** ""^ " 

SSSSff^ JLS£ 10 ** For ^amplef^plasmid, P EMBLS(+). is engi- 

has the 737 30 "Hf V*f* T ? J* Vl!^ 

*tus about OS kb of the gene and about 025 kb of up- dem copies of the lac n^or binding sitk The single 
steam flanUng sequence. The Went is Med with DNA 0 f P EMBL8(+) is hybridized to a sm- 

Eco pj linkers and inserted mto the Eco RI site of 35 ple of ^ DNA, and contact is made through 

.pBR3 . r . ^ , ... sequence homology between the globin gene portion of 

Tne procedure for putting the kc repressor binding the robQ md complementary sequences in the sample. 
;sites and the segment of the 0-globin gene m the smgle ^ ^ operator portion of the probe is made double 
-iplasmid as in 1 2 ^ve, is w fojttows: stranded for lac repressor binding by the annealing of 

• , *• IJncanze pHW104 with Hind ID; treat with alka- 40 pEMBUS(-) to the pEMBL8(+>sample DNA com- 
pline phosphatase to prevent recircularization in step c. pfeg, 
> ; b. Digest pSS737 with Hind m plus Fnu DO; collect it fa possible to carry out such reactions with the 
^the greater than 0.76 kb segment from a preparative implicative (but not the single stranded phage) form of 
agarose geL M13 as well as with any plasmid DNA, but one has 

c. Ligate the products of steps a andb, then fill in free 45 either to separate the complementary strands, or take 
Hind m ends using the Klenow fragment of DNA considerable loss in hybridization efficiency by having 
polymerase and deoxyribnucleotide triphosphates. both strands of a plasmid present in a hybridization 

<L Blunt-end ligate (c) molecules to make circular mixture, where they can undesirably self-anneaL 
plasmids, then transform £ coli cells to ampicOlin resis- 
tance. 50 Step HI— (a) Labeling of the Protein with Fluorescein 

e. Collect a number of Ap* colonies and grow cells Fluoresceinisothiocyanate (FFTC) is dissolved in 

for the minilysate production of small amounts of plas- ethanol (5 mg solid/ml). To 2 ml of a 5 mg/ml protein 

mid. solution from (I), OS ml carbonate buffer (1M NaH- 

£ Check the plasmids for composition by restriction CQa— Na2C03 buffer pH 9) is added, followed by 50 pi 

enzyme digestion* The desired plasmid has: 55 FTTC solution. The mixture is shaken well and the free 

L a single Hind HI site; FTTC is chromatographically separated from the bound 

8. Eco RI segments of 2£, 0.74 and 0.21 kb; molecules on a Sephadex O50 column using a buffer 

2L digestibility by Mst II; comprising lOmMTris, ImMEDTA, 50 mM KG, pH 

iv. Desirably a Qa I segment of about 0.75 kb, de- 7 A The labeled protein is collected in the void volume. 

pending on the orientation of the globin gene in- 60 „ x „ . # _ 

gert, (b) Labeling with />-galactosidasc Enzyme 

The separation and detection probe for dual hybridi- Lac repressor protein from I and £-galactosidase (1:1 

zation analysis ofsickle cell defect are disclosed in detail molar ratio) (alkaline phosphatase, horseradish peroxi- 

in application Ser. No. 511,063, filed July 5, 1983, de- das react similarly) are mixed in phosphate buffer and 
scribed hereinabove. ' 65 glutaraldehyde is added to final concentration of 0.2%. 

3. Use of a plasmid having both multiple copies of the Reaction is all wed to proceed for 4 hours. The protein 
lac repressor binding site and a portion of the j3-hemo- mixture is dialyzed against the same Tris EDTA buffer 

globin gene as a hybridization probe: as in (a). 
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Step IV— Hybridization and Detection Via Labels on EXAMPLE 2 

the Lac Repressor Hybridized prob of Example 1 carrying the lac re- 

Hybridization is done by fixing the separation probe pressor protein can be assayed Immunochcmically as 
to a solid support according to the example of appHca- 5 fellows: 

tion Ser. No. 511,063, supra, using as the detection W Purificd lac repressor protein from Example 1 is 
probe that probe produced in H which carries the non- mixed 1:1 with Freund's complete adjuvant and in- 
homologous DNA which is the lac repressor protein J^tedintoraice (25 w protein into both hind foot pads) 
binding site. After hybridization, the solid support is lft } 3M ^gjubcutaneously). One month later the 

washed with BSA solution 1% «/v in Tris-EDTA 10 IS^JSSSSm^T h toto » i s and « he 
buffer as fa Example 1. Step m^X and then lacepres- ^^J^^^'m^kcOlmMmA 
sor, labeled u in (b) or <c* Li added The bound (b) To the hybrid complex containing the lac tepres- 
■ *P"^k assayed. optically (in the example of fluores- ^ protein of Example 1, sr^cuSSn^f^SS 
cem labeled repressor) or eozymaticaDy (in the example 15 rum of (a) are incubated for 1 hour at room temperature, 
of enzyme labeled repressor). Unbound antibodies are washed 3 times with a buffer 

Lipatentapp]icatiqnSer.Na511^63,iniraobu1zinga solution comprising 5 mM NaHiPO^ 150 mM NaCl 
separation probe and labeling a detector probe are de- (pH 7.4) and 0.04% Triton X-10a Protein A covalently 
scribed as follows: Plasmid containing the separation coupled to horseradish peroxidase (Sigma On-tpir-al Co. 
probe, e-g>, a subclone of.the (L34 kb EOnf segment of 20 P 865 ! ) diluted 1:8000 in PBS as above, is incubated 
pSS737, is treated with aim NaOHIbr 5 minutes, then "j* hybridization complex of Example 1 for 30 
chilled in ice. The sample is neutrafized with an equal minutes at room temperature and washed 3 times with 
volume of (UN HO," 0.9M Nad, O09M Na citrate, • f 6 "™"*? 10 "**- buffer. The substrate o- 

then filtered under mild aspiration through a nitrocellu- ... 57 n i![^T^^^^ b ^ OTnta ^8 P H 
• ' • lose filter (e.g, BA 85 from Schleicner and Schuell) that tijtZS^J?* ^ on P™ 1 ™* » 

had been praoaked fa 0.9M Nad, 0.09M Na curate ^f^^^^^'oaaaatotlnxmdtepnssota 

0.015M Na citrate). The filter is then washed with 

6XSSQ then 70% ethanolyand baked under vacuom at » . EXAMPLE 3 

* L OT G for a few hours, or with na vacuum at 65* G The double stranded portion of the detection probe of 
; \ Si • overnight At this point, the filter fe.rcady.for hybridiza- Example 1 can be modified to bind a specific antibody 

H tion procedures, but it . can be stored dry. for many. as follows: 
" months. The detection probe is dissolved in lOmMTris lmM 

The purpose of the alkali treatment of plasmid is to 33 EDTA buffer and mixed with biotin-psoralen adduct as 
denature the DNA. This renders it both capable of described in Example 1 of application Ser. No. 513,932, 
binding to nitrocellulose (native DNA does not) and supra. The mixture is irradiated with 360 nm light at 
~ ' ' available .for subsequent hybridization with other sin- Toom temperature for 40 minutes. After the reaction, 
,7.. . gle-stranded DNA; Neutralization of the denatured sam P le » dialyzed against the hybridization buffer 

7, r' . . DNA solution.with aqid and the addition Of salt (as 40 of Example 1, to exclude unreacted biotin-psoralen 
;._ Sv 6XSSG) facilitate the binding of denatured DNA to • ad ^ k . t . • , . , • : ■ ' ' • 

th ! I 25^: t _ \ th* Example 1 of application Ser/No. 513,932 describes 

Landing of the detector probe with, for example, «P that 50 mg of N-hydroxysucdmmido bipdn is dissolved 

can be accomplished in several ways, all of which are in 2. ml dimethylsulfoxide (sola A). 10 mg of 4' amino • 

' standard methods: The ends of a plasmid that has been methyl trioxsalen (structure 1) (or other aminoalxyl 

made linear by the action of a restriction, endonuclease SO compounds) is dissolved in 10 ml (soln B) aqueous 

can be labeled either by a reaction in which polynucleo- buffer solution pH approximately 8. Solutions (A) and 

tide kinase adds the terminal phosphate of gamma 32 -. (B) are mixed in a volume ratio of 1:10 and weight ratio 

P— ATP to the 5'. end of DNA molecules; by the filing of 10:1, so that the activated hapten is present in large 

in of recessed 3' ends that are generated by some restric- excess. The reaction is allowed to proceed at 35* C for • 

tion enzymes, through the use of the large (Klenow) 53 1 hour. The extent of the reaction is monitored by thin 

fragment of R coll DNA polymerase and alpha^p- layer chromatography— on silica gel plates with a fluo- 

labeled deoxyribonucleoside triphosphates; or by the 3' . "f???? indtarton ^in a solvent li-inethanol/acetic 

terminal addition of labeled nucleotides, through the a ^ cbto , rofona Uttder ***** TLC conditions unre-. 

. action of terminal deoxynucleotidyl transferase. More _ ^l^f "T* 

exfensive labelfag of a p^ ca^ ^ 

~ t^Tz^i L^T^ uT ;~ j*~r^ ~* does not show any fluorescene but the adduct fluoreces 

$3aJ£ N ^S^^^^^ 1 ^^f- because of trioxsalen. Growth f the new fluorescent 
DNA synthcjns C^ck translation") using & aff DNA ^ ^ disappcaftllice of ^ 0 ri£hal fluorescent spot 
polymerase, labeled triphosphates, and plasmid that has indicates the extent of product formation. Since the 
been randomly nicked by deoxyribonuclease I to pro- © activated biotin is in large excess, fluorescence cone- 
duce numerous synthesis primer sites. Other labeling sppnding to the starting material vanishes on TLC after 
schemes that do not involve readioactivity are also the completion of reaction.' Excess active biotin is re- 
possible, acted with glycyi-glycine or lysine. 
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It is understood that the specification and examples 14. A detection probe according to claim 13, wherein 

are illustrative, but not limiting to the present invention the fluorophore is coupled to the nucleic add of the 

and that other embodiments within the spirit and scope non-hybridizable portion by a furocoumarin. 

of the invention win suggest themselves to those skilled 15. A process for conducting an assay for the pres- 

in the art 3 ence of a particular nucleic acid sequence comprising 

What is claimed is: immobilizing either (a) a separation probe or (b) an 

L A detection probe comprising a hybridizable single unknown sample to be assayed on a solid support, sub- 

Stranded portion of nucleic add connected to a non- jecting the support to hybridization in the presence of a 

hyb ridiz a bl e , single stranded nudeic add portion* the detection probe according to claim 14, the furocouma- 

ncm-hybridizable portion induding a recognition site 10 rin carrying a hapten or ligand, and assaying the hapten 

for a particular protein, wherein the non-hybridizable or ligand. 

portion has been modified to create the protein recogni- 1& A process for conducting an assay for the pres- 

tion rite, wherein the modification is effected by con- cnce of a particular nucleic acid sequence comprising 

necting to said non-hybridizable portion a moiety se- immobilizing either (a) a separation probe or (b) an 

lected firom the group consisting of furocoumarin, phe- unknown sample to be assayed on a solid support, sub* 

nanthririinhim and a platinum-containing ligand. jecting the support to hybridization in the presence of a 

2. A detection probe according to claim 1* wherein detection probe according to claim 14» the furocouma- 
the hybridizable portion is covalently associated with rin carrying a fluorophore, and assaying the fluoro- 
one of the strands of the non-hybridizable portion. ^ phore. 

3. A detection probe according to claim 1, wherein A process for conducting an assay for the pres- 
thc hybridizable portion is complementary to the geno- . f 1106 of a particular nucleic add sequence comprising 
mic sequence responsible for sickle cell anemia. immobilizing dther (a) a separation probe or. (b) an 

4. A detection probe according to claim 1, wherein nnknown sample to be assayed on a solid support, sub- 
the modifier is a furocoumarin carrying a protein bind- 25 J^thig the support to hybridization in the presence of a 
ing site. * detection probe according to claim 13, and assaying the 

5. .A detection probe according to claim 1, induding fluorophore. 

a protein bound to the protein-specific she of the non- A process for conducting an assay for the prcs- 

.hybridizablc portion. eoce of a particular nucleic add sequence comprising 

6L A detection probe according to claim 5, wherein 30 hnmobilizing either (a) a separation probe or (b) an 

vthe protein carries a labeL unknown sample to be assayed on a solid support, sub- 

- 7. A detection probe according to claim 5, wherein jecting the support to hybridization in the presence of a 

. : .the protein is an antibody specific for a modified double detection probe according to claim 1, binding to the 

. stranded portion. non-hybridizable portion of the probe a protein specific 

8. A detection probe according to claim 5, induding 35 thereto, labeling the protein at any stage in the process, 
a labded protein bound to an immunoglobulin. separating the support from the balance of the material, 

9. A detection probe according to claim 5, wherein dissociating the bound protein from the hybridized 
■ithe nucleic acid is antigenic and is bound through an detection probe, and assaying the dissociated protein. 
rimmunoglobuHn to a labded protein. A tcst Kt for ^ymg for the presence of a partic- 
'* 10. A process for conducting an assay for the pres- 40 nudeic add sequence comprising in one or more 
utence of a particular nudeic add sequence comprising containers a detection probe according to claim 1, and a 
rimmobiflring dther (a) a separation probe or (b) an ^^f^ C by 3° pr0tdn ^S** 011 " te of 
- • unknown sample to be assayed on a solid support, sub- ^ ft ^t^^ P °^°t A , . 

jecting the support to hybridizing condition* the J?it^^lZ ^ <** 

presence of a detection probe according to claim 1, 45 ^*^ r ^ 

binding to the ncm-hybridkable portionof the probe a VT^S^Z^^ 0 ^ 0 ^ 

protein spedfic thereto, labeling Se protein at any stage \ * «P*»tion probe compnsmg a single stranded nu- 

11. & rnrT^fJ^ w A , «*» *?* ^hytechzable portion of the detec- 




r^T^l TZ !2r^ 5?" J?' f non-hybridizable portion of the detection probe. 

S^^^^!^^ T "* VOTtt "t 21. A detection probe comprisuig a hybridkable sin- 

££2 5? to hybrictotion in the presence of a gi e atnmded portion of nudeic add connected to a 

^tion probe accordmg to claim 1, and assaying the 35 non-hybridizable, double stranded nudeic add portion, 

, ' the non-hybridizable portion induding a recognition 

12. A process for conducting an assay for the pres- site for a particular protein, wherein the nbn-hybridiza- 
ence of a particular nudeic add sequence comprising ble portion has been modified to create the protein 
iinmobflizing either (a) a separation probe or (b) an recognition site, wherdn the modification is effected by 
unknown sample to be assayed on a solid support, sub- « connecting to said non-hybridizable portion a moiety 
jecting the support to hybridization in the presence of a selected from the group consisting of furocoumarin, 
detection probe according to claim 1, reacting the mod- . phenanthridinium and a platmumK»ntaining ligand. 
ified non-hybridizable portion with an antibody specific 22. A detection probe according to claim 21, wherdn 
therefor, and assaying the antibody. the hybridizable portion is covalently awan A tfd with 

13. A detection probe comprising a hybridizable sin- 65 one of the strands f the non-hybridizable portion, 
gle stranded portion of nuddc add connected with a 23. A detection probe according to claim 21, wherdn 
non-hybridizable single stranded nuddc add portion, the hybridizable portion is complementary to the geno- 
the non-hybridizable portion carrying a fluorophore. mic sequence responsible for sickle cdl anemia. 
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24. A detection probe according to claim 21, wherein 
the modifier is a furocoumarin carrying a protein bind- 
ing site. 

25. A detection probe according to claim 21, includ- 
ing a protein bound to the protein-specific site of the 
non-hybridizable portion. 

26. A detection probe according to claim 23 y wherein 
the protein carries a labeL 

27. A detection probe according to claim 23, wherein 
the protein is an antibody specific for a modified double 
stranded portion. 

& A detection probe according to claim 23, wherein 
the proton Is an immunoglobulin..' . 

29. Adetectidn probe according to claim 28, includ- 
ing a labeled protein bound to the immunoglobulin. 

30. A detection probe according to claim 23, wherein 
the nucleic add is antigenic and. is bound through an 
immunoglobulin to a labeled protein. ' 

31. A proem for' conducting an a&say for the pres- 
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unknown sample to be assayed on a solid support, sub- 
jecting the support t hybridizing conditions in the 
presence of a detection probe according to claim 34, 
and assaying the fluorophore. 

39. A process for conducting an assay for the pres- 
ence of a particular nucleic add sequence comprising 
immobilizing either (a) a separation probe or <b) an 
unknown sample to be assayed on a solid support, sub-' 
jecting the support to hybridizing conditions in the 
presence of a detection probe according, to *Mr*\ 21, 
binding to the non-hybridizable portion of the probe a 
protein specific thereto, labeling the protein at any stage 
in the process, separating the support from the balance 

J3 of the material, dissociating the bound protein from the 
hybridized detection probe, and assaying the dissod- 
ated protein. ^ 

40. A test lot for assaying for the presence of a partic- 
ular nucleic add sequence comprising* in one or more 
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ence of a particular nucleic add sequence comprising 20 conta ^ crs a probe according to claim 21, and 

a protein recognizable by the protein recognition site of 

the non-hybridizable portion. 

4L A test kh for assaying for the presence of a partic- 
ular nuddc add sequence in a sample comprising in one 
or more containers a detection probe according to claim 
21, a separation probe comprising a single stranded 
nuddc add immobilized on a. support,* the singl 
stranded nucleic add and the hybridizable portion of 
the detection probe being hybridizable with the sample. 



immobilizing either (a) a separation probe or (b) % aa 
unknown saxhple ta.be assayed on a solid support, sub- 
jecting the support to hybridizing conditions ini the 
presence of a detection probe according to claim 21, 
binding to the non-hybridizable portion of the probe a 
protein specific thereto, labeling the protein at any stage 
in the process, and assaying the labeL . . 

. 32. A process for .conducting :an assay for the pres- 
ence of a particular nucleic add sequence comprising 



immobilizing either (a) a separation probe or (b) an 30 and a protein recognizable by the protein recognition 



-.unknown sample to.be assayed on a solid support, sub- 
jecting the support to * hybridization in the presence of a 
detection probe according jto claim 21, and assaying the 
labeL.* 

33. A process for conducting an assay for the pres- 35 
ence of a particular nuddc add sequence comprising 
immobilizing either (a) a separation probe or (b) an 
unknown sample to be assayed on a solid support, sub- 
jecting the support to hybridization in the presence of a 
detection, probe according to claim 21, reacting the. 40 
modified non-hybridizable. portion with an antibody 
specific therefor, and assaying the antibody. 
k 34. A detectionn probe comprising a hybridizable 
single stranded portion jof nuddc add connected with a 
non-hybridizable double stranded nuddc add portion, 45 
the non-hybridizable portion carrying a fluorophore. 

33^ A detection probe according to claim 34, wherein *' 
the fluorophore- is coupled to the nuddc add of the 
. non?hybridizable portion by a fiirqcoumarm. 

36. A process for conducting an assay for the pres- 50 
ence of a particular nuddc add sequence comprising 
immobilizing either (a) a separation probe or (b)'an 
unknown sample to be assayed oil a solid support, siu> 
jecting the support to hybridizing conditions m the 
presence of a detection probe according to claim 24, the 55. 
fbrocoumarin carrymgaruptenorligand,and assaying 
the hapten.or ligand. 

. 37. A process for conducting an. assay for the pres- • 
ence of a particular nuddc add sequence comprising 
immobilizing 'dther (a) a separation probe or (b) an 60 
unknown sample to be assayed on a solid support, sub- 
jecting the support .to hybridizing conditions in the 
•presence of a detection probe according to claim 34>.the 
furocoumarin tarrying a fluorophore, and assaying the 
fluorophore. 65 
38. A process for conducting an assay for the pres- •' 
ence of a particular nucleic add sequence comprising 
immobilizing dther (a) a separation probe or (b) an 



site of the non-hybridizable portion of the detection 
probe. 

'42. A method for determining whether the DNA 
contained in a test sample includes a particular nucldc 
add sequence, comprisi ng the steps of: 
' (a) extracting nucleic acids from the test sample, 

(b) digesting the extracted nuddc acids with a re- 
striction enzyme thereby, to deaye the DNA or not 
at a particular sequence, depending on whether or 

* not a restriction enzyme recognition site is present 
in the sequence, 

(c) treating the product of step (b) to form single- • 
stranded nucleic acids, ' 

(d) contacting the single-stranded nucleic adds- pro- 
duced in step (c) with a first and a second polynu- 
cleotide probe, each of said probes being comple- 
mentary to respective first and second portions of 
' said sequence to be detected, said first probe being 
in solution with said test sample, said first probe 
being a probe according to daim %. said second 
probe being attached to a solid support, the two 
portions being non-overlapping and hnmediatdy 
adjacent to the restriction site in question, the re- 
striction site being between the first and second 
portions, such contact being performed under con- 
ditions favorable to hybridization of said first and 
second probes to said sequence to be detected, 
hybridizationn . with both of said probes being de- 
pendent .upon whether in step (b) restriction did 
not occur, said first probe being incorporated with 
distinguishable label, . ^ 

(e) separating, by means of said second probe, © any 
resulting -dual hybridization product comprising 
sdd sequence t be detected hybridized to both 
said labeled first probe and sdd second probe, from 
(ii) any unhybridized and Singly hybridized labded 

. first probe, and 
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(!) detecting by means of said label any of said sepa- (e) separating, by means of said second probe, (0 any 

rated dual hybridization product which may be resulting dual hybridization product comprising 

present said sequence to be detected hybridized to both 

43. A method for determining whether the DNA said labeled first probe and said second probe, from 

contained in a test sample includes a particular nucleic 5 (ii) any onhybridized and singly hybridized labeled 

add sequence, comprising the steps of: first probe, and 

(a) extracting nucleic acids from the test sample, (f) detecting by means of said label any of said sepa- 

(b) digesting the extracted nucleic adds with a re* rated dual hybridization product which may be 
striction enzyme thereby to cleave the DNA or not present 

at a particular sequence, depending on whether or 10 44. A detection probe according to claim 4, wherein 

not a restriction enzyme recognition site is present the protein binding site comprises biotin. 

in the sequence, 45. A detection probe according to claim 24, wherein 

(c) treating the product of step (b) to form single- the protein binding site comprises biotin, 

stranded nucleic adds, 4d. A detection probe comprising a hybridizable sin- 

(d) contacting the single stranded nudeic adds pro- 15 gie stranded portion of nudeic acid connected to a 
duced in step (c) with a first and a second polynu- non-hybridizable, single straded nucleic acid portion* 
cleotide probe, each of said probes being comple- the non-hybridizable portion modified by a fluorescent 
mentary to respective first and second portions of moiety. * 

said sequence to be detected, said first probe being 47. A detection probe according to claim 46, wherein 

in solution with said test sample, said first probe 20 the fluorescent moiety is linked to a furocourmarin. 

being a probe according to claim 27, said second 48. A detection probe according to efaim 46, wherein 

probe being attached to a solid support, the two ' the fluorescent moiety comprises fluorescein, 

portions being non-overlapping and immediatdy 49. A detection probe comprising a hybridizable dou- 

adjacent to the restriction site in question, the re- Me stranded portion of nuckic acid connected to a 

. striction site being between the first and second 25. non-hybridizable, double stranded nudeic add portion, 

portions, such contact being performed under con- the non-hybridizable portion modified by a fluoroescent 

ditions fevorable to hybridization of said first and moiety. 

second probes to said sequence to be detected, 50. A detection probe according to claim 49, wherein 

hybridization with both of said probes being depen- the fluorescent moiety is linked to a furocourmarin. 

dent upon whether in step (b) restriction did not 30 5L A detection probe according to claim 49, wherein 
occur, said first probe being incorporated with a ' the fluorescent moiety comprises fluorescein, 

distinguishable label, * • • • ♦ 
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